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(54) Spread-spectrum multicarrier modulation for cellular communication 



(57) An improved transmitter apparatus, a receiver 
apparatus and a base station implemented with the 
transmitter and receiver apparatuses are described. 
These apparatuses and the base station serves to es- 
tablish communication by making use of an orthogonal 



frequency division demultiplexing demodulation and an 
inverse spectrum spreading demodulation in combina- 
tion. The communication coverage thereof can be ex- 
paned by making use of an orthogonal frequency divi- 
sion demultiplexing demodulation and an inverse spec- 
trum spreading demodulation in combination. 
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Description 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] The subject application is related to subject matter disclosed in the Japanese Patent Application No. 
Heil2-54028 filed in February 29, 2000 in Japan, to which the subject application claims pr.or.ty under the Pans Con- 
vention and which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention is related generally to a transmitter apparatus, a ^f^T^T^^ ^infuse 
molemented with the transmitter and receiver apparatuses which are communicated wrth each other by making use 
ran T'htgonTfrequency division demultiplexing modu.ation and a spectrum spreading modu.ation m combination. 

Prior Art 

[0003] Inrecentyears.itbecomesanimportantissuetocopew^ 

whHe he signal transmission rates of wireless communication systems have been increased. OF ^Orthogonal Fre- 
auencv Division Multiplexing) is a technique with which the problem of the mterference due to delay spread can be 
solved SESH abiock-oriented modu.ation schemethatmapsdatasymbo.sontoaplum.rtyof orthogonaUub^arners 
separated by a distance to provide excellent resistance characteristics against the interference due to delay spread 
Toug the muttipaths. Also OFDM is capable of compacting a substantially larger 

pared with a conventional FDM (Frequency Division Multiplexing), to provide an .extremely h-f «* 
quency resources. OFDM is employed as a signal transmission scheme for digital broadcast m Europe. U.SA _and 
M?!Z in addition to this, determined to be employed as part of the standard for wireless system such as H IPER- 
LAN/2 ™X£ttW2.V* (U.S.A.), MMAC (Japan) which are the next generations of the mob„e communication 

ST Meanwhile the next generations of the wireless communication system are expected to support high speed 
StransSion rates in the order of several Mbps to several tens of Mbps with a wider bandwidth exclusively 
SSeacTchan^ 

Sees as compared with conventional systems. Furthermore, because of the limitation on the frequency resources 
^ available a technical object resides in how to determine an effective arrangement of the frequency resources and 
an effective arrangement of the respective cells in the cellular system. Hiffomnt 
fooosr Furthermore, the next generations of the wireless communication system are expected to support different 
s!qna transmSTn ra e S t0 accommodate a variety of information types for use in multimedia commun.cat.ons which 
ZJr^ZirSviS of QoS (Quality of Service). The support for different signal transmission rates can be jmp ie- 
mented bvTe use of different modulation systems and different encoding rates. Such a system capable o ^support ng 

table shows the reiationship among the transfer speeds, the encoding rates, the modu.ation schema and the rece.ver 
sensitivities. 
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RELATIONSHIP AMONG TRANSFER SPEED, ENCODING RATE, MODULATION SCH 

SENSITIVITIES 


EMA AND RECEIVER 


MODE 


TRANSFER SPEED 


ENCODING RATE 


MODULATION 
SCHEME 


RECEIVER 
SENSITIVITY 


M1 


6Mbps 


BPSK 


1/2 


-82dBm 


M2 


9Mbps 


BPSK 


3/4 


-81dBm 


M3 


12Mbps 


QPSK 


1/2 


-79dBm 


M4 


18Mbps 


QPSK 


3/4 


-77dBm 


M5 


27Mbps 


16QAM 


9/16 


-74dBm 


M6 


36Mbps 


16QAM 


3/4 


-70dBm 


M7 


54Mbps 


64QAM 


3/4 


-65dBm 
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EP 1 130 840 A2 

i thic 0 y fl mm 6 there are seven modes Ml to M7 are Implemented. Needless to say, a good 
[0006] in the case of this example, J™ at a nign spee d transmission rate. As described in the 

wireless transmission condition ,s required for com ^' C J'^ in order t0 change the transition mode 

above table, it is necessary to secure a h.gher reception ^ctncj.eld ^^^J J mode M7 lnverselV; 

from the low rate transtton mode, I.e., from the 

when the transition mode is changed from the high rate tra " s, "°" , owered Namely in the case of the multi- 

m0 de M7 to the mode Ml, the reception electric Held strengt h « «qu™c hs lowei waves can be 
rate supporting system, it is possible to yary the extent (coverage J^JJ n ra e More specifically speaking, it 
effectively transmitted from one base station by chang.ng the signal ^^^J^^J a sys J m Lpable of 
is possibie to expand the ~-age of a %X^2^X^™<^ *~**n- 
changing the coverage of a cell is called as a 7 na ^"" clu ' * , n « studies ot Zone Generation Algorithm 
10007] Exemplary prior art dynamic cell structtiresys^e^ CommU nication Engineers, B- 

in Adaptive Variable Zone Structure System Institute of Elec :tmnics miorm |emented witn a Directional 

5-204, 1998 and described in "Studies of Adaptive Variable Zone S^Ji^^ ^ these exernpla ry prior 
Antenna in a Base Station". Communications mobile stations 

art techniques, it is accomplished to lessen the load ^ a ^ ^ 0 ; n < S^ Bnt ; on i utilizing the same frequency by 
IXE ?r^^^T=~^ - profile of the Z one in accordance with the 
distribution of mobile stations. Ax , narnif > rp ,i structure svstem is described in "Area Configuration 

coverage of a cei. is changed by modifying the zone profile ' « *e ease B . 5 . 89 
Thelnrell9.«tan»nna<sm a rtam.nna)i s a^^^ 

ssrsrs— - - °* - 

plication of the intelligent antenna. -Unnecessary Waves Suppression Characteristics for Multi Carrier - 

[001 3] The exemplary prior art as described n Un " eces t s ^^ t a ^! the OFDM system. In this example, the 
CMA Adaptive Array" is an exampie of app.icat.on of the ^^^^^^^ and then synthesized 
respectivesignals as received throughaplura^ 
byLansofasynthesizer.Thesignaisassymhes^ 

rd^a^^^ 

KIL^d^ 

communication unless the antenna ,s directed to the mobile rtatic >n. ~ ■ d wttn)n tne service 

tinued without controlling the direction of the !^ ^d outs de of the service area unless the 

area, it is impossible to establish communication with ' a mobile 8«J»n ™ ts appropriately directthe 

gain through the adaptive array antenna directed to that mobile station. 
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T00161 in this manner, the next generations of the wireless communication system are expected to support high 
spe^i signal transmission rates in the order of several Mbps to several tens of Mbps with a wider bandwidth exclusively 
occupied by eachThannel. Because of this, it becomes indispensable to improve the utilization of the frequency re- 
STs as'compared with convention^ systems. Furthermore, because of the limitation on t^™^" 1 ™ 
as available, the technical object resides in the arrangement of the frequency resources and the arrangement of the 

ir^e^ 

n the dynamic cell structure system. Forthis reason, It is a technical issue to expand the vanable range of the ^overage 
of a ceh Furthermore, it is inevitable that the interference with an adjacent cell is increased while the coverage , rt 'a 
celt ^expanded Namely, it shall not be the case that the interference with an adjacent cell « increased wh le he 
coveraae of a cell is expanded. From this fact, it is a technical Issue howto arrange cells in the dynamic zone structure^ 
Soi if A so TJ I« how to effectively centre, the weight factors given to an adaptive array antenna m which 
^ ut lization o meTrequency resources is improved by making use of the adaptive array antenna. Furthermore, it s 
StSSn necessary forking appropriate centre, of ^^^^^ ^eZnl 
he mobile station that is located in a remote position where a communication link can be established only by securing 
I L^ssarv antenna aain through the adaptive array antenna directed to that mobile station. In consequence, it is an 
I£S552S2S£^ to determine the initial position of a remote mobile station (the initia. position deter- 

mination). 

20 SUMMARY OF THE INVENTION 

.00191 The oresent invention has been made in order to solve the shortcomings as described heretofore. It is an 
obiec ofthe pfese^ 

MeZ^tovZ receiver apparatuses In which it is possible to expand the variab.e range of the coverage of a 

25 SanrST VSSSXZL* invention » provide . transmitter apparatus, a -iver appals and a 
base station implemented with the transmitter and receiver apparatuses in which the interference between adjacent 

po^onwneracommunication.^ 

^IZ^ZT^^Z^ and advantages of the present invention are provided by a new and 
^dufatesTnfomnation signals to be transmitted by orthogonal frequency division mu.tiplexing; a spectrum spreading 

% SZ, » each otter mat the received e ign.l level o. paid receive, W rel u . ie .etiroren, to re.lntain the common,. 
££n£££n J rjlw— «w .eid,ree.reiner.pp.rMoe««h.ign.,.wh«h.rereo a o tt ,edon,h.bee« 
™ . d ,re^n«.,uo„oy dlon mottlplaxlng mddo.aion bo, o.t reddu«dd ■'•^S^S 
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which converts the output data sequence of the IFFT unit 16 from a parallel data sequence to a serial data se ,quence_ 
S T^S^Sd embodiment, further improvement resides in that said spectrum spreadmg c*cut ■ P^ec, 
11 a spLrum spreading pattern generation circuit which generates a plurality of spectrum spreadmg patterns for 

orov'd ed w^an rdaptivT a^ray antenna and wherein, when said receiver apparatus and said transmrtter appara us 

SBSBBBi 

make ft possible" to perform the communication between said recover apparatus and sa,d 
transmitter apparatus by orthogonal frequency ^^^n* an£j advantages of 
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trum sDreadina modulation of the output ot said mapping circuit. 

Si pr^re^bodiment, further improvement resides in that said transmission signal process.ng crcurt ,s 
SL with P a?adajt^ a^y antenna and wherein, when said receiver apparatus and said transmitter appals 
^Mw^SZm each other that the received signal level of said receiver apparatus ,s not suffoen to 
maintein Se ^wtortton between said receiver apparatus and said transmitter apparatus with signals which are 
moSlSte o SasK said^hogona. frequency division multiplexing modulation but not modulated on the basis 
T^^S^n^oOuuA. the direction of said receiver apparatus relative to said transmitter apparatus 
SdetecK^ 

bv S I a beam of the adaptive array antenna to said mobile station to increase the rece.ved signal level of sa d 
%EtS£S«* make it possible to perform the communication between said receiver apparatus and said 
t ranem ittAr anoaratus bv said first orthogonal frequency division multiplexing modulations. 

003oT ' SS^T.SS aspect of the present invention, the above and other objects and advantages of 
Sforisent^ention are provided by a new and improved receiver apparatus making use of an orthogonal frequency 
divis^ ^ Averse spectrum spreading demodulation in ^^^^ 

Su^SSSSSulSSng demodulation but not demodulated on the basis of said inverse -P*™"*^"? 
HSSuonTMid orthogonal frequency division demultiplexing circuit performs the demodulation of nfomv* on s j 
Sras reSed while said inverse spectrum spreading circuit does not perform said mverse 

^d"I«S*g dlpduwonapd «n k»» .[ndclrum sprd.dino MnoduUta. in homb,n,t,»n 
SSSLey division «mu«pl«lng cimn. which amodulau. intormhton s , g n»l» mnsnhm.d torn a mn.- 
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a transmitter apparatus and received by said receiver apparatus by performing an orthogonal frequency division de- 
multiplexing demodulation of said information signals; an inverse spectrum spreading circuit which selectively demod- 
ulates the output of said orthogonal frequency division demultiplexing circuit by performing inverse spectrum spreading 
demodulation of the information signals as received; a demapping circuit which serves to selectively demap said in- 

5 formation signals as demodulated by said orthogonal frequency division demultiplexing demodulation from symbols in 
the frequency domain suitable for said orthogonal frequency division demultiplexing demodulation; wherein, when said 
receiver apparatus and said transmitter apparatus are located so close to each other that the received signal level of 
said receiver apparatus is sufficient to maintain the communication between said receiver apparatus and said trans- 
mitter apparatus with signals which are demodulated on the basis of said first orthogonal frequency division dernulti- 

io plexing demodulation but not demodulated on the basis of said inverse spectrum spreading demodulation, said or- 
thogonal frequency division demultiplexing circuit performs the demodulation of information signals as received while 
said inverse spectrum spreading circuit does not perform said inverse spectrum spreading demodulation of said infor- 
mation signals as received, and wherein, when said receiver apparatus and said transmitter apparatus are located so 
remote from each other that the received signal level of said receiver apparatus is not sufficient to maintain the com- 

,5 munication between said receiver apparatus and said transmitter apparatus with signals whic ' ^tZTof said 
the basis of said orthogonal frequency division multiplexing demodulation but not demodulated on the basis of said 
inverse spectrum spreading demodulation, said inverse spectrum spreading circuit performs said inverse spectrum 
spreading , demodulation of said information signals as received while said orthogonal frequency division demultiplexing 
circuit does not perform said orthogonal frequency division demultiplexing demodulation. 

20 [0034] In a preferred embodiment, further improvement resides in that said inverse spectrum spreading circuit is 
provided with a spectrum spreading pattern generation circuit which generates a plurality of spectrum spreading pat- 
terns for use in said inverse spectrum spreading demodulation. 

[00351 in a preferred embodiment, further improvement resides in that said orthogonal frequency division demulti- 
plexing circuit is provided with a serial-to-parallel converter which converts the information signals as recelv ed from a 

25 serial data sequence to a parallel data sequence and a fast Fourier transform unit wh.ch performs the fast Fourier 

transformation of said information signals as converted to said parallel data sequence. 

[0036] in a preferred embodiment, further improvement resides in that said inverse spectrum spreading circuit makes 
use of different spectrum spreading patterns for different transmitter apparatuses ar ^ an , an ^ of 

[0037] In accordance with a further aspect of the present invention, the above and other objects and advantages of 

so he present invention are provided by a new and improved base station which serves to establish 

at least one mobile station located in a communication area where said base station is responsible tor commun-cation 
bv making use of an orthogonal frequency division multiplexing modulation and a spectrum spreading modulation in 
combinSncomp^^ 

which has a first transmission speed and a first gain and transmitting information signals in a second transmission 
mode which has a second transmission speed which is lower than said first transmission speed and a second gain 
which I greater than said first gain; a receiver apparatus capable of receiving a first reception mode which receives 
information signals having been transmitted in said first transmission mode and receiving a second reception mode 
which receive, information signals having been transmitted in said second transmission mode; where n, when said 
mobile station and said base station are located so close to maintain communication between said mobile station and 
S ise station in said first transmission mode and said first reception mode, said base station maintains commun, 
cation between said mobile station and said base station in said first transmission mode and said first reception mode 
wherein, when said mobile station and said base station are located too remote to maintain ^""Jj""^" 
said mobile station and said base station in said first transmission mode and said first reception mode, said base station 
establishes communication between said mobile station and said base station in said second transmission mode and 

roWsT'TnVSemTd embodiment, further improvement resides in that said base station makes use of said second 
rensmission mode and said second reception mode for communication wrth a mobile station which » located n an 

ovXping area between said communication area where said base station is responsible for communication and an 

adjacent area where an adjacent base station is responsible for communication. 
50 ra039] I n a preferred embodiment, further improvement resides in that said base station and an adjacent base station 
Sreto share the same communication resources for said first transmission mode and said ^ mtanmod^ 

specttvely and make use of separate communication resources for said second transmission mode and said second 

55 Ly antenna and wherein , when said mobile station and said base station are 

that the received signal level of said base station is not sufficient to maintain the communication between sa d mobile 
sta ion an'said base station in said first transmission mode and said first reception mode, said base station , estabhshes 
communication with said mobile station in said second transmission mode and said second reception mode, detects 
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BRIEF DESCRIPTION OF DRAWINGS 

, poetsrmd embodiment takan In conjunction «w tne accompanying drawings. wl.er.in. 

Fl 9 1 is . block diagram snowing a transmitter apparatus and a receiver apparatus in accordance witn a tlrat 

ZSTZESESZSU » —*•» > - - w,n ,he comen,i °™' 

~=r5Er=r=pS— s« 

^.TSaSSTSSi axentpi. p, ,1,0 dot— cell armngpman, In me ease wtt.r. pnl, 

P^tTsc?^^^ 
R^™".e«em.«c diagram enaw^ 

Csta* ^TvTJZ « m.an,annaa y .,e m ,»r 5 , 9 n„,.nap»onin^,d.np,w«P 

- »ta — tar eigne, —ion in accords 

with the fourth embodiment of the present invention. 
DETAILED DESCRIPTION OF EMBODIMENTS 
" ,004g, Vad.p..m M dimap B ..«pre,.m^^ 

50 (FIRST EMBODIMENT) 

M Pig, . . M dia 9 -am SPowInt, =— 'SSSSSSZS^ SSSSXSl 

^;:rL7.r.^ 
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outputted from the serial-to-parallel converter 12 onto symbols in the frequency domain, an IFFT (Inverse Fast Fourier 
Transform) unit 1 6 for converting the signals in the frequency domain as outputted from the modulator 1 4 to the signals 
in the time domain, a parallel-to-seriai converter 1 8 for converting the output data sequence of the IFFT unit 16 from 
a parallel data sequence to a serial data sequence, a spectrum spreading circuit 20 for spectrum spreading the output 
signals of the parallel-to-seria! converter 18, a guard interval inserting circuit 22 for inserting guard intervals which are 
timely gaps to the output signals of the spectrum spreading circuit 20 for the purpose of preventing interference due 
to multipaths, a transmission signal processing circuit 24 for performing necessary processes required to transmit the 
output signals of the guard interval inserting circuit 22 as radio signals, an antenna 26 for radiating the output signals 
of the transmission signal processing circuit 24 as electric waves. The transmission signal processing circuit 24 serves 
to perform the conversion of input signals from digital signals to analog signals, the conversion of the frequencies of 
signals to appropriate frequencies for wireless communication, the amplification of signal levels to sufficient levels and 
so forth. 

[00451 Also the transmitter apparatus 10a in accordance with the first embodiment has a pattern generation circuit 
44a provided 'in the spectrum spreading circuit 20 for generating spectrum spreading signals (spectrum spreading 
pattern) which are multiplied by the output signals of the parallel-to-serial converter 1 8 when the spectrum spreading 
circuit 20 performs spectrum spreading, and a mapping table 46 provided in the modulator 14 for storing numbers to 
be mapped corresponding to the parallel data as outputted from the serial-to-parallel converter 12. Not shown in the 
figure the transmitter circuit 1 0a is provided with a control circuit for taking control of the spectrum spreading circuit 
20 as to whether or not spectrum spreading is performed. The control circuit serves to output an appropriate control 
signal to the spectrum spreading circuit 20 in order to take control of the spectrum spreading process by the spectrum 
spreading circuit 20. - , 

[00461 On the other hand, the receiver apparatus 1 0b in accordance with the first embodiment of the present invention 
is composed of an antenna 28 for receiving radio waves as radiated from the transmitter apparatus 10a, a received 
signal processing circuit 30 for performing processes to convert radio frequency signals to corresponding baseband 
signals, a guard interval removal circuit 32 for removing the guard intervals in synchronism with the timing information 
as obtained from the decoded signals, an inverse spectrum spreading circuit 34 for inverse spectrum spreading the 
output signals of the guard interval removal circuit 32, a serial-to-parallel converter 36 for converting the output signals 
of the spectrum spreading circuit 34 from a serial data sequence to a parallel data sequence, an FFT (Fast Fourier 
Transform) unit 38 for converting the parallel data as output from the serial-to-parallel converter 36 from signals in the 
time domain to signals in the frequency domain, a demodulator unit 40 for demapping the signals as outputted from 
the FFT unit 38 in the frequency domain, and a parallel-to-serial converter 42 for converting the output signals of the 
demodulator unit 40 from a parallel data sequence to a serial data sequence. 

[00471 Furthermore, the receiver apparatus 10b in accordance with the first embodiment is composed of the pattern 
generation circuit 44b provided in the inverse spectrum spreading circuit 34 for generating the identical patterns as 
used by the spectrum spreading circuit 20 of the transmitter apparatus 1 0a, and a demapping table 47 provided in the 
demodulator unit 40 for storing the identical numbers as stored in the mapping table 46 of the transmitter apparatus 
1 0a Although not shown in the figure, like the above described the transmitter apparatus 1 0a, the receiver circuit 1 0b 
is provided with a control circuit for taking control of the inverse spectrum spreading circuit 34 as to whether or not 
inverse spectrum spreading is performed. This control circuit serves to output an appropriate control signal to the 
inverse spectrum spreading circuit 34 in order to take control of the inverse spectrum spreading process by the inverse 
spectrum spreading circuit 34. 

[0048] Next, the configuration of cells and burst frames in accordance with the first embodiment of the present in- 
vention will be explained. First, the configuration of cells and burst frames in accordance with the conventional cellular 
system will be explained. Fig.2 is a schematic diagram showing an exemplary configuration of cells in accordance with 
the conventional cellular system. As illustrated in Fig.2, in the case of the conventional cellular system, a plurality of 
base stations 4Bn-1. 48n and 48n+1 are located in the service area covered by cells 50n-1 , 50n and 50n+1 in which 
radio waves are effectively propagated from the respective base stations 48n-1 , 4Bn and 48n+1 The base stations 
48n-1 48n and 48n+1 are responsible for resource management of wireless frequencies and so forth within the re- 
spective cells 50n-1 , 50n and 50n+1 . Furthermore, there are a plurality of mobile stations 52m-1 , 52m and 52m+1 in 
the service area. The respective base stations 48n-1 , 48n and 48n+1 and the respective mobile stations 52m-1 , 52m 
and 52m+1 are provided with usual transmitter apparatuses and receiver apparatuses. 

[0049] The so-called cellular system is such a system in which wireless resources are allocated to the respective 
base stations 48n-1 , 48n and 48n+1 and the respective mobile stations 52m-1 , 52m and 52m+1 The timing control of 
the signals for use in the communication system is depending upon the channel allocation algorithm which is employed 
in the communication system. 

[00501 Fig 3 is a schematic diagram showing an exemplary configuration of the burst frame for the TDMA system in 
which time slots are allocated to the respective channels by timely division for multiplexing. In Fig.3, the abscissa is 
indicative of time. The burst frame as illustrated in Fig.3 consists of a broadcast channel 54 through which common 
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information is broadcasted from a base station to all the mobile stations linked to the base station, a downlink channel 
56 throuqh which information items exclusive to the respective mobile stations are transfered from the base station to 
the individual mobile stations, an uplink channel 58 through which information items are transfered from the respective 
mobile stations to the base station, and a random access channel 60 through which a mobile station can transfer a 
r^uestforallocation of W irelessresourcestotheba S estation.Therespectivechannels54.56,58and60arecomposed 

of a Dlurality of slots respectively. , 
rOOSII The mobile station located within the service area is in communication with the base station through prede- 
termined slots in the downlink channel 56 and the uplink channel 58 which have been allocated to the mob. e sta ion 
byThe base station. In many prior art cellular systems, the modulation scheme and the signal transmission , Bt ,f o use 
in communications between the base station and the respective mobile stations are fixed ,n aclvar«^ For exampte, ,n 
me cL of the PHS system, the modulation scheme and the signal transmission rate for use therein have been def ined 
m££ 2 Phase shift keying (QPSK) modulation and 32 kbps respectively. Contrary to this the n«jn«J«» 
TtL wireless communication system are designed to support different signal transm.ss.on rates to accommodate a 
varietv of information types for use in multimedia communications which require d.fferent levels of QoS i (Quality of 
T^EZSZA spea^g. the support for different signal transmission rates can be 

of different modulation systems and different encoding rates. Namely, the multi-rate support.ng system is employed in 
the next generations of the wireless communication system. 

M52] The ^multi-rate supporting system serves to accommodate users requiring different signal transmission rates 
and therefore particularly fitted for multimedia information. Also, since an appropriate s.gnal transmission rate can be 
used in accordance with the wireless communication environment, the utilization of the frequency resources can be 
improved Furthermore, the coverage of a cell can be varied by changing the signal transmission rate The system 
Lecomes more flexible as the variable range of the coverage of a cel. is increased in the ^^^^Z 
Tor this reason, it is a technical issue to expand the variable range of the coverage of a cell as explained ,n the pnor 

POSTS, the eel, configuration around a base station in accordance with the first 7^™*j"*^ 
Lent on will be explained in conjunction with Fig.4. Fig.4 is an explanatory view for explaining the coverage of he 
cell of the base station in accordance with the first embodiment of the present invent.cn. As illustrated .n F.g.4 the 
base stauon 62 of the first embodiment of the present invention serves to provide an ordinary coverage 66 and a 
spread ng coverage 68. The base station 62 performs conventional OFDM in the ordinary coverage 66 m which the 
ZSSZZZS* and 64b maintain communication with the base station 62 on the basis of the OM.Rm 
the base station 62 serves to provide the spreading coverage 68 surrounding the ord.nary coverage 66 for performing 
con^ona! OFDM and can establish communication with a mobile station 64c located outside of the ord.nary cov- 
eraae 66 but inside of the spreading coverage 68. ♦ ♦w„^«^„t 

[0054] As illustrated in Fig.1 , the transmitter apparatus 1 0a in accordance with the f.rst embodiment of the present 
nvention is provided with the spectrum spreading circuit 20 between the P arallel-to-ser.al converter 18 and the guard 
interval nseri ng circu* 22 while the receiver apparatus 1 0b is provided with the inverse spectrum spreading c.rcujM 
"en the guard interval removal circuit 32 and the serial-to-parallel converter 36. The spectrum spreading circuit 
aOofthetransmLrapparatusiOa serves to spr^adthe respects transmission signals by mu^^^ 
Sna s by a pattern as generated by the pattern generation circuft 44a. On the other hand the speclrum , spreading 
SS 34 serves to inverse spread the respective received signals by multiplying the received signafc ^pectmm 
spread by a pattern as generated by the pattern generation circuit 44b. The pattern as generated by the pattern gen- 
eZn Sou! 44a for the multip.y operation is identical to the pattern as generated by the pattern generation circuit 

£oYq ^RgTaX^ - explanatory views for explaining the processing of the signals in the Remitter apparatus 
0a and the receiver apparatus 10b as illustrated in Fig.1 . Fig.5 is explanatory view for explaining the processing of 
he sisals inThe case where the spectrum spreading operation is no, performed as well as the inverse spectrum 
spreading operation. Fig.6 is explanatory view for explaining the processing of the signals .n the case where the spec- 
trum spreading operation is performed as well as the inverse spectrum spreading operation. The case wher the 
soectJum spreading operation is not performed as well as the inverse spectrum spreading operation .s such a case 
Te iSS apparatus and theVansmitter apparatus are located so close to each other that the receiver sen- 
SvTy sufficient to'maintain the communication between the receiver apparatus and the transmitter apparatus by 
means of OFDM without spectrum spreading. A.so, the case where the spectrum spreading ope rat ion Is P 
well as the inverse spectrum spreading operation is such a case where the rece.ver apparatus and the transmitter 
Iparatus ^aiTocJted^o remote from each other that the receiver sensitivity is not sufficient to estab.ish the comrnu- 
Tatic^ 

AslstS g 5 in the case without spectrum spreading, the transmitter apparatus 1 0a serves to generate con- 
Jen ££SS£&*. More specifically speaking, the conventiona. OFDM signa.s are generated by ^PP-^ata 
symbols onto the complex plane in the frequency domain (see spectra, components 70) by means of the modulator 
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14 of the transmitter apparatus 10a, and converting the data symbols as mapped to signa s in the time domain by 
means of the IFFT unit 1 8. The OFDM signals are generated to effectively occupy the entirety of the available bandwidth. 
In this case, the spectrum spreading circuit 20 serves to output the input signals without change so that the transmitter 
apparatus 1 0a then outputs the signals with spectra 74. 

100561 As illustrated in Fig.6, also in the case where spectrum spreading Is performed, the transmitter apparatus 1 0a 
serves to generate OFDM signals. However, the modulator 1 4 serves to decrease the number of the data symbols as 
mapped onto the complex plane in the frequency domain (see spectral components 80) In this case, only one ^sub- 
carrier is modulated while NULL is assigned to the remaining sub-carriers. OFDM Is therefore not performs .In fact m 
this case Accordingly, the OFDM signals as converted in the time domain by the IFFT unit 1 6 has spectral c°™P°"ef 
82 5 the nTmbVr ofthe available sub-carriers of the OFDM signals is N, 1/N of the available bandwidth ,s used by the 
spect a rcomponents 82. Accordingly, the transfer speed is also decreased by 1/N. The spectrum spreading circuit 20 
then muSEi input signals by a predetermined pattern (s). The transmission signa. processing crcuit 24 serves 

0 signafe to a sufficient power level and output the amplified signals. Accordingly, the transmitter appara us 

1 oa outputs the OFDM has spectrum spread with the spectral components 84 of which effective bandwidth ,s equal to 
that of the spectral components 74 as illustrated in Rg.5. 

[00571 On the other hand, the receiver apparatus 10b usually skips the inverse spectrum ^reading process J u 
only when communication can not be established, it performs the inverse spectrum spreading process ,n advance of 
jlotZZ As illustrated in Fig.6, when the inverse spectrum spreading process JP^^^^^I 
soreadino circuit 34 of the receiver apparatus 1 0b selves to switch the inverse spreading pattern among from a plurality 
of Patterns to search the inverse spreading pattern, that is identical to the spreading pattern , having 

been usTd in the transmitter apparatus 1 0a, for inverse spreading the received signals (see the spectra ^ 
86) The inverse spectrum spreading circuit 34 then performs the inverse spectrum spreading process of the j*ce*ed 
s-ianals bv the use of the inverse spreading pattern identical to the spreading pattern hav.ng been used .n the transm.tter 
app raws 0 Accordingly, the inverse spectrum spreading circuit 34 outputs the signals with spectral components 

he spectrum spreading gain since the OFDM signals are spectrum spread atthe transm.tter apparatus and spectrum 
de sprSd at the receiver apparatus. Because of this, it is possible to expand the variable range of the coverage of a 
cell in the dynamic cell structure system. 

m0591 Furthermore, in accordance with thefirst embodiment of the present invention, it is possible to imp ementthe 
Sransmitter/reception apparatus only by partly modifying an existing system and therefore to reduce the ,n,t,a. cost as 
required when the new system is introduced. 

(SECOND EMBODIMENT) 

[0060] Fig.7 is a block diagram showing a transmitter apparatus and a receiver apparatus in accordance with a 
second embodiment of the present invention. The transmitter apparatus and the rece iver apparatus .n accordance with 
tte prasentSenSon are provided for wireless communication by the use of the OFDM technique in the same manner 
SST in the case of the first embodiment of the present invention, the OFDM modulation and the 
. s P^ading process are not performed to the same signals in combinatio.Howeve, in >«e present 
embodiment, the OFDM modulation and the spectrum spreading process are performed to the same s^nals^ 
[0061] Also, the first embodiment of the present invention, the signals in the frequency domain are spec rum spread 
or invLe spectrum spread. Accordingly, the spectrum spreading circuit 20 as illustrated .n F,g.1 is connected between 

34 Is connected between the guard interval removal circuit 32 and the serial-to-parallel converter 36^ H°weveUhe 
spectrum spreading process and the inverse spectrum spreading process are linear operations and ^^e performed 
fn the time domain in accordance with the present embodiment, the spectrum spreading process and the inverse 

[o P o\Ta= 

nvent on is composed of a serial-to-paral.el converter 12 for converting the information signal (data stream) to be 
ransmmed f?om a serial data sequence to a parallel data sequence, a modulator 14 for mapping the paraKel data as 
outputtSnThe Srial-to-paralle, converter 1 2 onto symbols in the frequency domain, a spectrum spreading circurt 
°40 foTspectrum spreading the output signals of the modulator 14. an IFFT (Inverse Fast Founer Transfo m) unrt 16 
or converting the signals in the frequency domain as outputted from the spectrum spreading crcurt 40to the senate 
n time domain, a parallel-to-serial converter 18 for converting the output data sequence of the IFFT unit 16 from 
L paraS da°a sequence to a serial data sequence, a guard interval inserting circuit 22 for ^"9<^'J^ 
whteh are timely gaps to the output signals of the parallel-to-serial converter 18 for the purpose of preventing interfer- 
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ence due to multipaths t a transmission signal processing circuit 24 tor performing necessary processes required to 
transmit the output signals of the guard interval inserting circuit 22 as radio signals, an antenna 26 for radiating the 
output signals of the transmission signal processing circuit 24 as electric waves. The transmission signal processing 
circuit 24 serves to perform the conversion of input signals from digital signals to analog signals, the conversion of the 
frequencies of the signals to appropriate frequencies for wireless communication, the amplification of signal levels to 
sufficient levels and so forth. 

[0063] Furthermore, the transmitter apparatus 10a in accordance with the second embodiment is provided with a 
pattern generation circuit 144a in the spectrum spreading circuit 140 for generating spectrum spreading signals (spec- 
trum spreading patterns) which are multiplied by the output signals of the modulator 14 when the spectrum spreading 
circuit 140 performs spectrum spreading, and a mapping table 46 provided in the modulator 14 for storing numbers to 
be mapped corresponding to the parallel data as outputted from the serial-to-parallel converter 12. Not shown in the 
figure, the transmitter circuit 1 0a is provided with a control circuit for taking control of the spectrum spreading circuit 
140 as to whether or not spectrum spreading is performed. The control circuit serves to output an appropriate control 
signal to the spectrum spreading circuit 1 40 in order to take control of the spectrum spreading process by the spectrum 
spreading circuit 140. 

[0064] On the other hand, the receiver apparatus 10b in accordance with the second embodiment of the present 
invention is composed of an antenna 28 for receiving radio waves as radiated from the transmitter apparatus 10a, a 
received signal processing circuit 30 for performing processes to convert radio frequency signals to corresponding 
baseband signals, a guard interval removal circuit 32 for removing the guard intervals in synchronism with the timing 
information as obtained from the decoded signals, a serial-to-parallel converter 36 for converting the output signals of 
the guard interval removal circuit 32, an FFT (Fast Fourier Transform) unit 38 for converting the parallel data as output 
from the seriai-to-parallel converter 36 from signals in the time domain to signals in the frequency domain, an inverse 
spectrum spreading circuit 34 for inverse spectrum spreading the output signals of the FFT unit 38, a demodulator unit 
40 for demapping the signals as outputted from the inverse spectrum spreading circuit 142 in the frequency domain, 
and a parallel-to-serial converter 42 for converting the output signals of the demodulator unit 40 from a parallel data 
sequence to a serial data sequence. 

[0065] Furthermore, the receiver apparatus 10b in accordance with the second embodiment is composed of the 
pattern generation circuit 44b provided in the inverse spectrum spreading circuit 1 42 for generating the identical patterns 
as used by the spectrum spreading circuit 140 of the transmitter apparatus 10a, and a demapping table 47 provided 
in the demodulator unit 40 for storing the identical numbers as stored in the mapping table 46 of the transmitter appa- 
ratus 1 0a. Although not shown in the figure, like the above described the transmitter apparatus 1 0a, the receiver circuit 
10b is provided with a control circuit for taking control of the inverse spectrum spreading circuit 142 as to whether or 
not inverse spectrum spreading is performed. This control circuit serves to output an appropriate control signal to the 
inverse spectrum spreading circuit 142 in order to take control of the inverse spectrum spreading process by the inverse 
spectrum spreading circuit 142. 

[0066] Fig.8 and Fig.9 are explanatory views for explaining the processing of the signals in the transmitter apparatus 
10a and the receiver apparatus 10b as illustrated in Fig.7. Fig.8 is explanatory view for explaining the processing of 
the signals in the case where the spectrum spreading operation is not performed as well as the inverse spectrum 
spreading operation. Fig.9 is explanatory view for explaining the processing of the signals in the case where the spec- 
trum spreading operation is performed as well as the inverse spectrum spreading operation. As illustrated in Fig.8, in 
the case without spectrum spreading, the transmitter apparatus 10a serves to generate conventional OFDM signals. 
More specifically speaking, the conventional OFDM signals are generated by mapping data symbols onto the complex 
plane in the frequency domain by means of the modulator 14 of the transmitter apparatus 10a, and passed through 
the spectrum spreading circuit 140 without change (see spectral components 170). The I FFT unit 18 then converts the 
signals in the frequency domain which are not spectrum spread to signals in the time domain. The OFDM signals as 
generated occupy the entirety of the available bandwidth. 

[0067] As illustrated in Fig.9, the transmitter apparatus 10a serves to generate the OFDM signals with orthogonal 
frequency waves even when they are spectrum spread. However the modulator 14 serves to decrease the number of 
the data symbols as mapped onto the complex plane in the frequency domain (see spectral components 1 80). In this 
case only four sub-carriers are modulated while NULL is assigned to the remaining sub-carriers. Accordingly, the 
OFDM signal as output from the modulator 1 4 has the spectral components 1 80. If the number of all the sub-carriers 
is 64 the bandwidth occupied by the spectral components 1 80 of the four effective sub-carriers is 1/1 6 of the entirety 
of the available bandwidth. Furthermore, the spectrum spreading circuit 20 serves to multiply the input signals by a 
predetermined pattern. Accordingly, the output signals of the spectrum spreading circuit 20 have the spectral compo- 
nents 182 which are finally output as OFDM signals which are spectrum spread by a factor of 16. 
[0068] On the other hand, the receiver apparatus 10b usually skips the inverse spectrum spreading process (see 
Fig.8), but only when communication can not be established, it performs the inverse spectrum spreading process in 
advance of demodulation. As illustrated in Fig.9, when the inverse spectrum spreading process is performed, the 
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inverse spectrum spreading circuit 142 of the receiver apparatus 10b serves to switch the inverse spreading pattern 
amongf^ 

Z pattern having been used in the transmitter apparatus 10a, for inverse spreading the received signals (see he 

spiral components 1 86). The inverse spectrum spreading circuit 1 42 then performs the inverse 

orocess of the received signals by the use of the inverse spreading pattern identical to the spreading pattern having 

SlT^E^ the second embodiment of the present invention, the receiver sen = can ^ 
moroled bv the spectrum spreading gain since the OFDM signals are spectrum spread at the transmitter appara us 
SSS^^iSS at the receler apparatus. Because of this, it is possible to expand the variable range of the 
coveraae of a cell in the dynamic cell structure system. .j*,.— a „ »v 

S Furthermore it is possible to implement the transmitter/reception apparatus only by partly modifying an ex- 
S^.SSLb. to reduce the initial cost as required when the new system is introduced in the same manner 
i me Tit embodiment of the present Invention, For deciding whether to use the first •^*^^ e a ~J 
embodiment of the present invention, the environment of the application, the specification of the system, the ,mple 
mentation and so forth should be taken into consideration. 

(THIRD EMBODIMENT) 

[0071] Next, a third embodiment of the present invention will be explained. The ^^^^^^ 
communication system are expected to support high speed signal transmission rates , the orde of ^^J 8 » 
several tens of Mbps with a wider bandwidth exclusively occupied by each channel Because of the l.m.tat on or .the 
rquencyresourcesasavailab.e.it is particularly important how to determine an effective arrangement of the respective 

'Bg 0 10 Isa Ltematic diagram showing an example of the conventional cel. arrangement in 
only one frequency is available. As illustrated in Fig.10, it is impossible to provide overlap *^ °' 
°he ceulSn 1 92n and 92n + 1 of base stations 90n-1 , 90n and 90n + 1 . Accordingly, when the mobile stat.cn 94a in 
ne cell 92n-1 s transiting to the position 94c through the position 94b, the communication between the mob.le stat on 
ia^nd ele the base station 90n-1 or the base station 90n + 1 is disconnected. This is a serious problem .of he 
mobS ^communication system and therefore it is required to implement a handover system wh.ch ,s rel.abie even if a 

^^howing the ce„ arrangement in accordance w*h the third ' e^odimen, of the 
prelent invention. The third embodiment of the present invention is provided to show examples of a base station. and 
a mobi e station, having the receiver/transmitter apparatuses in accordance with the first embod ! men ^° f ^ e N P ^" t 
fn^.toruseinthe environment of the cellarrangementinthecase where oniyonefre^ 

n accordance with the third embodiment of the present invention , accent cells can be 

other by expanding the coverage of the cell of the respective base station designed in accordance with the , lrs , em 
bodlent as described above. Meanwhile, only two base stations are illustrated for the sake of explanation 
ra0741 ATillustrated in Fig 11 , in the cell arrangement in accordance with the third embodiment, the respect.ve base 
Ens SZXS^~™» P-vide ordinary'coverage 98n-1 and 98n and spreading coverage 100n-1 and I lOOrv 
ThTbasrsUon^ 96n-1 and 96n perform conventional OFDM in the ordinary coverages 98n-1 and 98n in which he 
mob^statnri02a and 102c maintain communication with the base stations 96n-1 and 96n on the bas.s of the 

^ZTTl^JZe the mobile station 102a located in the ordinary coverage 98n-1 and the mobile station 1 02c 
oSed in the ordinary coveTage 98n can be in communication with the base stations 96n-1 and 96n to perforrr, i a h.gher 
Lpeed date exchange than the mobile station 102b located In the spreading coverage 100n-1 and the spreading cov. 
eraae 1 0On The mobile station 1 02b is located in both the spreading coverage 1 0On-1 of the base stat.cn 96n-1 and 
fhesp ead^X foOn of the base station 96n. In other words, the mobile station 102b can effect.vefy ^rece.ve 
liltte f?Z hott, the base station 96n-1 and the base station 96n. The base station 96n-1 and the base station 96n 
s hl r e a « 

IV'e^Tn^^ance with the third embodiment of the present invention, it is possible to avoid the interference 
Socatea wntn expandTng the coverage of the cell even if adjacent cells share an identicai frequency Abo m ac- 
TS^^^SZL^m of the present invention, it is possible to implement a handover system which is 
reliable even if a small number of frequencies are available. ... nrfleont 

^ Next L configuration of cells and burst frames in accordance with the third embodiment of the present 
Son w^be explained in conjunction with Fig.11 and Fig.12. Fig.12 is a schemata diagram show.ng an exemplary 
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configuration of the burst frame in accordance with the third embodiment of the present invention. The burst frame in 
accordance with the third embodiment is substantially same as illustrated in Fig.3 showing a burst frame forthe TDMA 
system in which time slots are allocated to the respective channels by timely division for multiplexing. 
[0078] As illustrated in Fig.12, the burst frame in accordance with the third embodiment consists of a broadcast 
channel 1 04 through which common information is broadcasted from a base station to all the mobile stations linked to 
the base station a downlink channel 1 06 through which infomiation items exclusive to the respective mobile stations 
are transfered from the base station to the individual mobile stations, an uplink channel 1 08 through which information 
items are transfered from the respective mobile stations to the base station, and a random access channel 1 1 0 through 
which a mobile station can transfer a request for allocation of wireless resources to the base station. The respective 
channels 104, 106, 108 and 110 are composed of a plurality of slots respectively. 

T00791 Furthermore in accordance with the third embodiment of the present invention, the coverage of the cell of 
the base station can be expanded by transmitting spectrum spread OFDM signals through the downlink channel 106 
and the uplink channel 1 08 in order not to affect the concurrent conventional OFDM transmission. Namely as '"us rated 
in Fig.12, the slots 112 in the downlink channel 106 and the slots 114 in the uplink channel 108 are allocated to the 
transmission of the spectrum spread OFDM signals. ein o aa nHii»r 
[0080] For example, as illustrated in Ffc.11. the slots 112 and 114 as seen from the mobile stations 102a and 102c 
located in the ordinary coverage 98n-1 and 98n are simply neglected in the same manner as other slots allocated to 
other mobile stations. For this reason, the concurrent conventional OFDM transmission is not affected by the spectrum 

[00811 °On the other hand, the mobile station 1 02b located in the spreading coverage 1 00n-1 and 1 0On inverse spec- 
trum spreads the signals as transmitted through the slots 1 1 2 and 1 1 4 by the use of the pattern identical to the pattern 
having used for spectrum spreading the same signals in the base stations 96n-1 and 96n. Because of this, the mobile 
station 102b can reproduce the signals as transmitted through the slots 112 and 114. 

[00821 Furthermore, for the purpose of providing the same services as provided for the mobile stations 1 02a and 
102c located in the ordinary coverage 98n-1 and 98n, the base station has to provide for the mobile station 102b 
located in the spreading coverage 100n-1 and 100n with a broadcast channel, a downlink channel through wh.ch 
information items exclusive to the mobile stations are transfered from the base station, an uplink channel 1 08 through 
which information items are transfered from the mobile stations to the base station, and a random access channel 110 
through which the mobile station can transfer a request for allocation of wireless resources to the base station. Needless 
to say these signals shall not affect the concurrent conventional OFDM transmission. Accordingly, the broadcast chan- 
nel the downlink channel, the uplink channel and the random access channel for the mobile station 1 02b are provided 
within the slots 112 in the downlink channel 106 and the slots 114 in the uplink channel 108. 
[0083] However, while the spectrum spread OFDM signals are transmitted through the downlink channel 106 and 
the uplink channel 108 which are user channels, it is generally not predetermined which slots are allocated to the 
spectrum spread OFDM signals . In other words , the number of the slots in the burst Irame as illustrated in F.g.12 
which are preceding the slots allocated to the spectrum spread OFDM signals is depending upon the case. 
[0084] To meet with this situation, in accordance with the third embodiment of the present invention, the base stat.on 
serves to transmit to the mobile stations located in the ordinary coverage 98n-1 and 98n, through the broadcas channel 
information about the number I of the slots in the burst frame which are preceding the slots that are located in the 
downlink channel and allocated to the spectrum spread OFDM signals and the number II of the slots ir .the burst frame 
which are preceding the slots that are located in the uplink channel and allocated to the spectrum spread OFDM signals, 
so that even when the mobile station transits to the spreading coverage, the burst frame synchronization ,s easily 

?0085] Sh More spec jfjcally explained, in the case of the third embodiment of the present invention a mobile station 
located in an ordinary coverage is provided with allocation of slots other than the slots 112 and 114. When the . mobile 
station transits from the ordinary coverage to a spreading coverage, the mobile station can no longer reproduce infor- 
mation from the conventional OFDM signals. In this case, the inverse spectrum spreading c.rcu.t 142 of the rece.ver 
apparatus 10b serves to switch the inverse spreading pattern among from a plurality of predetermined patterns to 
search the inverse spreading pattern, that Is identical to the spreading pattern having been used m the tra insmrtter 
apparatus 10a, for inverse spreading the received signals and to detect the positions of the slots 2 and 114. The 
inverse spectrum spreading circuit 142 then retrieves necessary data items from the slots 11 2 and 114 
M86] The data items as retrieved are combined to form a burst frame for the TDMA system as illustrated m F.g 3 
n which time slots are allocated to the respectfve channels by timely division for multiplexing. Namely, afeo for the 
mobl stations located in the spreading coverage, the burst frame formed by the slots 112 and 114 in co^ntton •• 
composed of a broadcast channel 104 through which common information is broadcasted from a base station to an 
the mobile stations linked to the base station, a downlink channel 106 through which information items exclude to 
the respective mobile stations are transfered from the base station to the individual mobile statins, an uplink channel 
108 through which infomiation items are transfered from the respective mobile stations to the base station, and a 
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random access channel 110 through which a mobile station can transfer a request for allocation of wireless resources 
to the base station. The respective chan nel 1 04, 1 06, 1 08 and 1 1 0 are composed of a plurality of slots. Namely, individual 
channels independent from the ordinary coverage are implemented in the spreading coverage in which the wireless 
resources of the spreading coverage are allocated. 

[00871 Through the broadcast channel of the spreading coverage, the base station serves to transmit to the mobile 
stations located in the spreading coverage 1 00n-1 and 1 0On information about the number I of the slots in the burst 
frame which are preceding the slots that are located in the downlink channel and allocated to the spectrum spread 
OFDM signals and the number II of the slots in the burst frame which are preceding the slots that are located in the 
uplink channel and allocated to the spectrum spread OFDM signals, so that the burst frame synchronization is easily 
established Accordingly, once communication is established in spectrum spreading, it is not necessary to repeat the 
process for searching the inverse spreading pattern, that is identical to the spreading pattern having been used in the 
transmitter apparatus 10a, for inverse spreading the received signals and detecting the positions of the slots 112 and 
114 even when changing the number I of the slots in the burst frame which are preceding the slots that are located m 
the downlink channel and allocated to the spectrum spread OFDM signals and the number II of the slots in the burst 
frame which are preceding the slots that are located in the uplink channel and allocated to the spectrum spread OFDM 

[00681 The configuration as described above is effective particularly when it is preferred to minimize the modification 
of the existing system. However, it is possible to fix the position of the slots 1 1 2 at the top of the downlink channel 106 
and the position of the slots 114 at the top of the uplink channel 1 08 for the spectrum spread OFDM signals in order 
to simplify the control. In this case, there is no longer necessary the process for detecting the positions of the slots 112 
and 114 and the process for reporting the numbers I and II of the slots. 

r0089] In accordance with the third embodiment of the present invention, the coverage of the cell of the base station 
can be expanded by transmitting spectrum spread OFDM signals in order not to affect the concurrent convent.onal 

OFDM transmission. , 
[0O901 Also in accordance with the third embodiment of the present, it is possible to avoid the interference between 
adjacent cells' share an identical frequency by making use of different spectrum spreading signals for different base 
stations. This is particularly effective when the frequency resources as available are limited. 

(FOURTH EMBODIMENT) 

[0091] Next the fourth embodiment of the present invention will be explained. The fourth embodiment is provided 
to show examples of the transmitter apparatus and the receiver apparatus in accordance with the first or third embod- 
iment of the present invention, in which adaptive array antennas are used. The intelligent antenna technique is effective 
to improve the utilization of channels as taught in the above described references, i.e., •'Intelligent AntennaTechnology , 
Communications Society Conference Vol.1 , TB-5-1 , 1 999, "Studies of Zone Generation Algorithm in Adaptive Variable 
Zone Structure System", Institute of Electronics, Information and Communication Engineers, B-5-204, 1998 and Stud- 
ies of Adaptive Variable Zone Structure System Implemented with a Directional Antenna in a Base Station", Commu- 
nications Society Conference, B-5-81 , 1 998. 

[00921 Fig 13 is a block diagram showing the configuration of the antenna system for signal reception in accordance 
with the fourth embodiment of the present invention. As illustrated in Fig.1 3, the antenna system for signal reception 
in accordance with the fourth embodiment is composed of a plurality of antenna elements 116-1,116-2,1 1 6-3 ••• ana 
116-k and an antenna control unit 118 for taking control of the antenna elements 116. The antenna control unit 118 is 
connected 1o the receiver apparatus 1 0b. The antenna control unit 1 1 8 is composed of a plurality of the weighting units 
120-1 120-2 120-3, - and 120-k, an integrating unit 122 for integrating the received signals of the antenna elements 
1 1 6 respectively as weighted by means of the plurality of the weighting units 1 20, a weighting control unit 124 for taking 
control of the plurality of the weighting units 1 20 and an incoming wave direction estimation unit 126 for estimating the 
direction of incoming waves on the basis of the received signals of the antenna elements 116. 
[00931 In the antenna system for signal reception in accordance with the fourth embodiment, the .ncom.ng wave 
direction estimation unft 126 receives the signals as received by the antenna elements 116 respectively, and estimates 
the direction of the incoming waves to be received on the basis of the reception levels of the respective ^signals _The 
estimation is performed in accordance with an incoming wave direction estimation algonthm, e.g., MUSIC, ESPRIT 
and so forth. The weighting control unft 1 24 then controls the weights assigned to the respective weighting urate 120 
on the basis of the result of the estimation. The details of MUSIC is described in "Multiple Emitter Location and Signal 
Parameter Estimation", IEEE, Trans. , Vol.AP-32, No.3, pp.276-280, Mar. 1 986. Also, the detail, of ESPRIT isdescribed 
in "ESPRIT-Estimation of Signal Parameters via Rotational Invariance Techniques", IEEE, Trans.. Vol.AP-37, pp. 

mi^'w** a block diagram showing the configuration of the antenna system for signal transmission in accord- 
ance with the fourth embodiment of the present invention. As illustrated in Flg.14 the antenna system for signal trans- 
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mission in accordance with the fourth embodiment is composed of a plurality of antenna elements 1 28-1 . 128-2, 128-3, 
and 128-1 and an antenna control unit 130 for taking control of the antenna elements 128. The antenna control unit 
118 is connected to the transmitter apparatus 10a and the receiver apparatus 10b respectively. The antenna control 
unit 130 is composed of a plurality of weighting units 134-1 , 134-2, 134-3, - and 134-k provided corresponding to the 
antenna elements 1 28 respectively, a splitter 1 36 for splitting the transmission signal as outputted from the transmitter 
apparatus 1 0a, a weighting control unit 1 38 for taking control of the plurality of the weighting units 1 34 and a plurality 
of circulators 1 32-1 , 1 32-2, 1 32-3, - and 1 32-1 provided corresponding to the antenna elements 1 28 respectively for 
outputting the transmission signal as weighted by the corresponding weighting units 134 and outputting the received 
signals as input from the antenna elements 128. 

r0095] In the antenna system for signal transmission in accordance with the fourth embodiment of the present in- 
vention the splitter 136 serves to split the transmission signals as generated by the transmitter apparatus 10a, and 
output the transmission signals as split to the respective weighting units 1 34. The weighting control unit 138 serves to 
control the weight factors assigned to the respective weighting units 134 on the basis of the control signals from the 
receiver apparatus 1 0b The receiver apparatus 1 0b serves to generate the control signals on the basis of the incoming 
wave direction estimation unit 126 as illustrated in Fig.13. The receiver apparatus 10b controls the we.ght.ng control 
unit 1 38 in order to direct the beam in the same direction as the incoming waves to be received. 
100961 The base station in accordance with the fourth embodiment of the present invention serves to transm. he 
spectrum spread OFDM signals to a mobile station remote from the base station. The signal transmiss.on rate of the 
spectrum spread OFDM signals is lower than that of the conventional OFDM signal. In other words, the coverage of 
a cell is expanded by lowering the signal transmission rate. Thus, there is a significant advantage wrth respect to the 
method of controlling the direction of a beam to a remote mobile station in a position where commun.cat.on link can 
be maintained by the antenna gain generated by directing the beam to the mobile station. Namely, in accordance w.th 
the fourth embodiment of the present invention , it is possible to obtain necessary information for controll.ng the direction 
of a beam to a remote mobile station in a position where communication link can be maintained by the antenna gain 
qenerated by directing the beam to the mobile station. ... 
r00971 Furthermore, it is possible to establish communication by means of the conventional OFDM s.gnals once the 
necessary information indicative of the initial position of the remote mobile station is obtained when the remote mobile 
station is located in the position where communication link can be maintained by the antenna gain generated by directing 
the beam to the mobile station. In this case, the weight factors of the adaptive array antenna are calculated on the 
basis of the conventional OFDM signals rather than the spectrum spread OFDM signals. Namely, in accordance with 
the fourth embodiment of the present invention, once the communication link is established, it is possible to make use 
of a conventional technique for controlling the weight factors of an adaptive array antenna. 

[00981 More specifically explained with reference to Fig.12, in the case of the fourth embodiment of the present 
invention a mobile station located in an ordinary coverage is provided with allocation of slots other than the s ots 112 
and 114 When the mobile station transits from the ordinary coverage to a spreading coverage, the mobile station can 
no longer reproduce information from the conventional OFDM signals. The inverse spectrum spreading circuit 142 
then initiates searching of the inverse spreading pattern, that is identical to the spreading pattern having been used in 
the transmitter apparatus 10a by switching the inverse spreading pattern among from a pluralrty of P^te'mmed 
patterns for all the slots of the downlink channel 106 and the uplink channel 108 in orderto detect the posmons of the 
slots 1 1 2 and 1 1 4 The inverse spectrum spreading circuit 1 42 then retrieves necessary data items from the slots 1 1 2 
and 114 However, in this case, the spectrum spread OFDM signals is not used for the purpose of exchanging user 
data unlike the third embodiment of the present invention. The spectrum spread OFDM signals is used only for the 
purpose of detecting the location of the mobile station having transited from the ordinary coverage to the spreading 
coverage Attercompletingthedetectionofthelocationofthemobilestationhavingtransitedfromtheord.narycoverage 
to the spreading coverage, a beam of the adaptive array antenna is directed to the mobile station. By th.s process, the 
received signal level as required for establishing the conventional OFDM communication can be obtained The mobHe 
station is then capable of transfering a request for allocation of wireless resources to the base station through the 
random access channel 110 by means of the conventional OFDM signals. The mobile station hav.ng transited from 
the ordinary coverage to the spreading coverage can therefore resume the communication with the base station even 
in the spreading coverage in the same manner as in the ordinary coverage. After resuming the communication by 
• means of the conventional OFDM, the communication channel through the spectrum spread O FDM signals is released. 
[0099] In accordance with the fourth embodiment of the present invention, it is possible to solve the conventional 
problem of how to determine the initial position of a remote mobile station (the initial position determination) and to 
improve the utilization of the frequency resources by effectively controlling the weight factors given to an adaptive array 

antenna in the dynamic zone structure. „„„ ar= „ ,« a „H a 

[01 00] Accordingly, in accordance with the present invention, it is possible to realize a transmitter apparatus and a 
receiver apparatus in which the variable range of the coverage of a cell in the dynamic cell structure system can be 
expanded. 
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[0101] Also, in accordance with the present invention, it is possible to realize a transmitter apparatus, a receiver 
apparatus and a base station provided with these apparatuses, in which the interference between adjacent cells is 
effectively prevented even in the cell arrangement where the frequency resources as available are limited. 
[0102] Furthermore, in accordance with the present invention, it is possible to realize a transmitter apparatus, a 
receiver apparatus and a base station provided with these apparatuses , in which it is possible to obtain information 
necessary for taking appropriate control of the antenna in order to direct a beam to the mobile station that is located 
in a remote position where a communication link can be established only by securing a necessary antenna gain through 
the adaptive array antenna directed to that mobile station: 

[0103] The foregoing description of preferred embodiments has been presented for purposes of illustration and de- 
scription. It is not intended to be exhaustive or to limit the invention to the precise form described, and obviously many 
modifications and variations are possible in light of the above teaching. The embodimentwas chosen in orderto explain 
most clearly the principles of the invention and its practical application thereby to enable others in the art to utilize most 
effectively the invention in various embodiments and with various modifications as are suited to the particular use 
contemplated. 



Claims 



1 . A transmitter apparatus making use of an orthogonal frequency division multiplexing modulation and a spectrum 
spreading modulation in combination comprising: 

an orthogonal frequency division multiplexing circuit which selectively modulates information signals to be 
transmitted by orthogonal frequency division multiplexing; 

a spectrum spreading circuit which selectively performs a spectrum spreading modulation of said information 
signals to be transmitted; and 

a transmission signal processing circuit which transfers said information signals which have been modulated 
by either said orthogonal frequency division multiplexing modulation or said spectrum spreading modulation 
to a receiver apparatus as a transmission signal, 

said transmitter apparatus being characterized in that, when said receiver apparatus and said transmitter 
apparatus are located so close to each other that the received signal level of said receiver apparatus is sufficient 
to maintain the communication between said receiver apparatus and said transmitter apparatus with signals 
which are modulated on the basis of said orthogonal frequency division multiplexing modulation but not mod- 
ulated on the basis of said spectrum spreading modulation, said orthogonal frequency division multiplexing 
circuit performs the modulation of said information signals to be transmitted while said spectrum spreading 
circuit does not perform said spectrum spreading modulation of said information signals to be transmitted, and 
that, when said receiver apparatus and said transmitter apparatus are located so remote from each other that 
the received signal level of said receiver apparatus is not sufficient to maintain the communication between 
said receiver apparatus and said transmitter apparatus with signals which are modulated on the basis of said 
orthogonal frequency division multiplexing modulation but not modulated on the basis of said spectrum spread- 
ing modulation, said orthogonal frequency division multiplexing circuit does not perform said orthogonal fre- 
quency division multiplexing modulation of said information signals to be transmitted while said spectrum 
spreading circuit performs said spectrum spreading modulation of said information signals to be transmitted. 

2 The transmitter apparatus as claimed in claim 1 characterized in that said orthogonal frequency division multi- 
plexing circuit is provided with a serial-to-parallel converter which converts said information signals to be trans- 
mitted from a serial data sequence to a parallel data sequence, a modulator which serves to map said parallel 
data as converted by said serial-to-parallel converter onto symbols in the frequency domain, an inverse fast Fourier 
transform unit which performs the inverse fast Fourier transformation of said information signals as mapped and 
a parallel-to-serial converter which converts the output data sequence of the IFFT unit 16 from a parallel data 
sequence to a serial data sequence. 

3 The transmitter apparatus as claimed in any one of claims 1 and 2 characterized In that said spectrum spreading 
circuit is provided with a spectrum spreading pattern generation circuit which generates a plurality of spectrum 
spreading patterns for use in said spectrum spreading modulation. 

4 The transmitter apparatus as claimed in any one of claims 1 through 3 characterized in that said transmission 
signal processing circuit is provided with an adaptive array antenna and that, when said receiver apparatus and 
said transmitter apparatus are located so remote from each other that the received signal level of said receiver 
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apparatus is not sufficient to maintain the communication between said receiver apparatus and said transmitter 
aoDaratus with signals which are modulated on the basis of said orthogonal frequency division multiplexing mod- 
ulation but not modulated on the basis of said spectrum spreading modulation, the direction of said receiver ap- 
paratus relative to said transmitter apparatus is detected by making use of a transmission s.gnal which is modulated 
by said spectrum spreading modulation, followed by directing a beam of the adaptive array antenna to said mobile 
station to increase the received signal level of said receiver apparatus and make it possible to perfonrn the com- 
munication between said receiver apparatus and said transmitter apparatus by orthogonal frequency d.vis.on mul- 
tiplexing. 

A transmitter apparatus making use of orthogonal frequency division multiplexing modulations and a spectrum 
spreading modulation in combination comprising: 

an orthogonal frequency division multiplexing circuit which performs a first orthogonal frequency division mul- 
tiDlexino modulation of information signals to be transmitted; 

a spectmm spreading circuit which selectively performs a spectrum spreading modulation of the output of said 

orthogonal frequency division multiplexing circuit; and 

a transmission signal processing circuit which transfers the output of said spectrum spreading crcurt to a 
receiver apparatus as a transmission signal, . „ »,„ 

said transmitter apparatus being characterized in that, when said receiver apparatus and said transmitter 

to maintain the communication between said rece^er apparatus and said transfer apparatus w«h s gnals 
which are modulated by said first orthogonal frequency division multiplexing modulation but not modulated on 
the basis of said spectrum spreading modulation, said orthogonal frequency division mult.plex.ng c,rcu,t pe - 
ols said first orthogonal frequency division multiplexing modu.ation while said spectrum spreading , c ,rcu t 
doTs not perform said spectrum spreading modulation of the output of said orthogonal frequency division 

t7atTen n Ltd rc r^ n e d r apparatus and said transmitter apparatus are located so remote from each other that 
the received signal level of said receiver apparatus is not sufficient to maintain the commumcation between 
said receiver apparatus and said transmitter apparatus with signals which are modulated by said f.rst orthog- 
onal frequency division multiplexing modulation but not modulated on the basis of said spectrum spreading 
modulation, said orthogonal frequency division multiplexing circuit performs a sec one ^"£^™¥ 
division multiplexing modulation having a bandwidth which is narrower than that of said °^ na ' f ™ 
quency division multiplexing modulation while said spectrum spreading circuit performs said spectrum spread- 
ing modulation of the output of said orthogonal frequency division multiplexing circuit. 

The transmitter apparatus as claimed in claim 5 characterized In that said orthogonal frequency division multi- 
plexing circuit serves to perform a phase shift keying modulation of said information signals. 

A transmitter apparatus making use of orthogonal frequency division multiplexing modulations and a spectrum 
spreading modulation in combination comprising: 

a mapping circuit which serves to map information signals to be transmitted onto symbols in the frequency 
domain suitable for a first orthogonal frequency division multiplexing modulation; 

a spectrum spreading circuit which selectively performs a spectrum spreading modulation of the output of said 

rSgonaTSrequency division multiplexing circuit which performs said first orthogonal frequency division 
multiplexing modulation of the output signal of said spectrum spreading crcurt; and 

^transmission signal processing circuit which transfers the output of said orthogonal frequency d W .s,on mul- 
tiplexing circuit to a receiver apparatus as a transmission signal, tranm mar 
said transmitter apparatus being characterized In that, when said receiver apparatus and sa.d transm tte 

appa^^ 

to maintain the communication between said rece^er apparatus and said transmitter apparatus wrth signals 

whS are modulated by said first orthogonal frequency division multiplexing modulation but not modulated on 

The baiiTof said spectL spreading modulation, said orthogonal frequency division multiplexing c.rcuit pe - 

iomns said first orthogonal frequency division multiplexing modulation while said spectrum spreading circuit 

does not perform said spectrum spreading modulation of the output of said mapping arcuit, and 

that when said receiver apparatus and said transmitter apparatus are located so remote from each 

me received signal level of said receiver apparatus is not sufficient to maintain the communicat.on between 
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said receiver apparatus and said transmitter apparatus with signals which are modulated by said first orthog- 
onal frequency division multiplexing modulation but not modulated on the basis of said spectrum spreading 
modulation, said orthogonal frequency division multiplexing circuit performs a second orthogonal frequency 
division multiplexing modulation having a bandwidth which is narrower than that of said first orthogonal fre- 
quency division multiplexing modulation while said spectrum spreading circuit performs said spectrum spread- 
ing modulation of the output of said mapping circuit. 

8. The transmitter apparatus as claimed in claim 7 characterized in that said transmission signal processing circuit 
is provided with an adaptive array antenna and that, when said receiver apparatus and said transmitter apparatus 
are located so remote from each other that the received signal level of said receiver apparatus is not sufficient to 
maintain the communication between said receiver apparatus and said transmitter apparatus with signals which 
are modulated on the basis of said orthogonal frequency division multiplexing modulation but not modulated on 
the basis of said spectrum spreading modulation , the direction of said receiver apparatus relative to said transmitter 
apparatus is detected by making use of a transmission signal which is modulated by said spectrum spreading 
modulation, followed by directing a beam of the adaptive array antenna to said mobile station to increase the 
received signal level of said receiver apparatus and make it possible to perform the communication between said 
receiver apparatus and said transmitter apparatus by said first orthogonal frequency division multiplexing modu- 
lations. 

9. A receiver apparatus making use of an orthogonal frequency division demultiplexing demodulation and an inverse 
spectrum spreading demodulation in combination comprising: 

an inverse spectrum spreading circuit which selectively demodulates information signals transmitted from a 
transmitter apparatus and received by said receiver apparatus by performing inverse spectrum spreading 
demodulation of said information signals; 

an orthogonal frequency division demultiplexing circuit which selectively demodulates said information signals; 
said receiver apparatus being characterized in that, when said receiver apparatus and said transmitter ap- 
paratus are located so close to each other that the received signal level of said receiver apparatus is sufficient 
to maintain the communication between said receiver apparatus and said transmitter apparatus with signals 
which are demodulated on the basis of said orthogonal frequency division demultiplexing demodulation but 
not demodulated on the basis of said inverse spectrum spreading demodulation, said orthogonal frequency 
division demultiplexing circuit performs the demodulation of information signals as received while said inverse 
spectrum spreading circuit does not perform said inverse spectrum spreading demodulation of said information 
signals as received, and 

that, when said receiver apparatus and said transmitter apparatus are located so remote from each other that 
the received signal level of said receiver apparatus is not sufficient to maintain the communication between 
said receiver apparatus and said transmitter apparatus with signals which are demodulated on the basis of 
said orthogonal frequency division multiplexing demodulation but not demodulated on the basis of said inverse 
spectrum spreading demodulation, said inverse spectrum spreading circuit performs said inverse spectrum 
spreading demodulation of said information signals as received while said orthogonal frequency division de- 
multiplexing circuit does not perform said orthogonal frequency division demultiplexing demodulation. 

10. The receiver apparatus as claimed in claim 9 characterized in that said orthogonal frequency division demulti- 
plexing circuit serves also to perform a phase shift keying demodulation of said information signals as received. 

11. A receiver apparatus making use of an orthogonal frequency division demultiplexing demodulation and an inverse 
spectrum spreading demodulation in combination comprising: 

an orthogonal frequency division demultiplexing circuit which demodulates information signals transmitted 
from a transmitter apparatus and received by said receiver apparatus on the basis of a first orthogonal fre- 
quency division demultiplexing demodulation; 

an inverse spectrum spreading circuit which selectively demodulates the output of said orthogonal frequency 
division demultiplexing circuit by performing inverse spectrum spreading demodulation of said information 
signals as demultiplexed; and 

a demapping circuit which serves to demap said information signals as inverse spread from symbols in the 
frequency domain suitable for said first orthogonal frequency division demultiplexing demodulation; 
said receiver apparatus being characterized in that, when said receiver apparatus and said transmitter ap- 
paratus are located so close to each other that the received signal level of said receiver apparatus is sufficient 
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to maintain the communication between said receiver apparatus and said transmitter apparatus with signals 
which are demodulated on the basis of said first orthogonal frequency division demultiplexing demodulation 
but not demodulated on the basis of said inverse spectrum spreading demodulation, said orthogonal frequency 
division demultiplexing circuit performs said first orthogonal frequency division demultiplexing demodulation 
5 of information signals as received while said inverse spectrum spreading circuit does not perform said inverse 

spectrum spreading demodulation of said information signals as received, and 

that, when said receiver apparatus and said transmitter apparatus are located so remote from each other that 
the received signal level of said receiver apparatus is not sufficient to maintain the communication between 
said receiver apparatus and said transmitter apparatus with signals which are demodulated on the basis of 
10 said orthogonal frequency division multiplexing demodulation but not demodulated on the basis of said inverse 

spectrum spreading demodulation, said inverse spectrum spreading circuit performs said inverse spectrum 
spreading demodulation of said information signals as received while said orthogonal frequency division de- 
multiplexing circuit performs a second orthogonal frequency division demultiplexing demodulation having a 
bandwidth which is narrowerthan that of said first orthogonal frequency division demultiplexing demodulation. 

15 

1 2. A receiver apparatus making use of an orthogonal frequency division demultiplexing demodulation and an inverse 
spectrum spreading demodulation in combination comprising: 

an orthogonal frequency division demultiplexing circuit which selectively demodulates information signals 
transmitted from a transmitter apparatus and received by said receiver apparatus by performing an orthogonal 
frequency division demultiplexing demodulation of said information signals; 

an inverse spectrum spreading circuit which selectively demodulates the output of said orthogonal frequency 
division demultiplexing circuit by performing inverse spectrum spreading demodulation of the information sig- 
nals as received; 

a demapping circuit which serves to selectively demap said information signals as demodulated by said or- 
thogonal frequency division demultiplexing demodulation from symbols in the frequency domain suitable for 
said orthogonal frequency division demultiplexing demodulation; 

said receiver apparatus characterized in that, when said receiver apparatus and said transmitter apparatus 
are located so close to each other that the received signal level of said receiver apparatus is sufficient to 
maintain the communication between said receiver apparatus and said transmitter apparatus with signals 
which are demodulated on the basis of said first orthogonal frequency division demultiplexing demodulation 
but not demodulated on the basis of said inverse spectrum spreading demodulation, said orthogonal frequency 
division demultiplexing circuit performs the demodulation of information signals as received while said inverse 
spectrum spreading circuit does not perform said inverse spectrum spreading demodulation of said information 
signals as received, and 

that, when said receiver apparatus and said transmitter apparatus are located so remote from each other that 
the received signal level of said receiver apparatus is not sufficient to maintain the communication between 
said receiver apparatus and said transmitter apparatus with signals which are demodulated on the basis of 
said orthogonal frequency division multiplexing demodulation but not demodulated on the basis of said inverse 
spectrum spreading demodulation, said inverse spectrum spreading circuit performs said inverse spectrum 
spreading demodulation of said information signals as received while said orthogonal frequency division de- 
multiplexing circuit does not perform said orthogonal frequency division demultiplexing demodulation. 

13. The receiver apparatus as claimed in claim 12 characterized in that said inverse spectrum spreading circuit is 
45 provided with a spectrum spreading pattern generation circuit which generates a plurality of spectrum spreading 

patterns for use in said inverse spectrum spreading demodulation. 

1 4. The receiver apparatus as claimed in any one of claims 1 2 and 1 3 characterized in that said orthogonal frequency 
division demultiplexing circuit is provided with a serial-to-parallel converter which converts the information signals 

50 as received from a serial data sequence to a parallel data sequence and a fast Fouriertransform unit which performs 

the fast Fourier transformation of said information signals as converted to said parallel data sequence. 

15. The receiver apparatus as claimed in any one of claims 13 through 1 5 characterized in that said inverse spectrum 
spreading circuit makes use of different spectrum spreading patterns for different transmitter apparatuses. 

55 

16. A base station which serves to establish communication with at least one mobile station located in a communication 
area where said base station is responsible for communication comprising: 
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a transmitter apparatus capable of transmitting information signals in a first transmission mode which has a 
first transmission speed and a first gain and transmitting information signals in a second transmission mode 
which has a second transmission speed which is lower than said first transmission speed and a second gain 
which is greater than said first gain; 

a receiver apparatus capable of receiving a first reception mode which receives information signals having 
been transmitted in said first transmission mode and receiving a second reception mode which receives in- 
formation signals having been transmitted in said second transmission mode; 

said base station being characterized in that, when said mobile station and said base station are located so 
close to maintain communication between said mobile station and said base station in said first transmission 
mode and said first reception mode, said base station maintains communication between said mobile station 
and said base station in said first transmission mode and said first reception mode, 

that, when said mobile station and said base station are located too remote to maintain communication between 
said mobile station and said base station in said first transmission mode and said first reception mode, said 
base station establishes communication between said mobile station and said base station in said second 
transmission mode and said second reception mode. 

17. The base station as claimed in claim 1 6 characterized In that said base station makes use of said second trans- 
mission mode and said second reception mode for communication with a mobile station which is located in an 
overlapping area between said communication area where said base station is responsible for communication and 
an adjacent area where an adjacent base station is responsible for communication. 

18. The base station as claimed in claim 1 7 characterized in that said base station and an adjacent base station 
thereto share the same communication resources for said first transmission mode and said first reception mode 
respectively and make use of separate communication resources for said second transmission mode and said 
second reception mode respectively. 

19. The base station as claimed in any one of claims 1 6 through 1 8 characterized in that said base station is provided 
with an adaptive array antenna and that, when said mobile station and said base station are located so remote 
from each other that the received signal level of said base station is not sufficient to maintain the communication 
between said mobile station and said base station in said first transmission mode and said first reception mode, 
said base station establishes communication with said mobile station in said second transmission mode and said 
second reception mode, detects the direction of said mobile station relative to said base station, directing a beam 
of the adaptive array antenna to said mobile station in order to improve the gain in said first transmission mode 
and said first reception mode, and then establishing communication with said mobile station in said first transmis- 
sion mode and said first reception mode. 
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